In this study, the safety of Bifidobacterium breve MCC1274, a probiotic bifidobacterial strain, was assessed by single-dose and 90-day repeated-dose oral toxicity studies. In the single-dose oral toxicity assay using 6000 mg/kg of B. breve MCC1274 corresponding to 8.4 Â 10 11 colony-forming unit (CFU)/kg, mortality and adverse effects were not observed. Furthermore, the administration of 1000 mg/kg of B. breve MCC1274 by oral gavage in saline for 90 days did not induce any signs of toxicity, such as changes in clinical signs, body weight (BW), food consumption, ophthalmoscopy, urinalysis, hematology, blood chemistry, organ weight, gross pathology, and histopathology compared to the control group given cornstarch in saline (10/sex/group). The no-observed-adverse-effect-level of B. breve MCC1274 in the 90-day repeateddose toxicity study was greater than 1000 mg/kg corresponding to 1.3 Â 10
Introduction
Bifidobacteria are a major member of the human intestinal microflora and have been reported to promote various physiological functions, such as improvement of gastrointestinal conditions, protection against infections, promotion of immunomodulatory activity, and prevention of allergic diseases. 1, 2 With the increasing interest in the many health-promoting effects of bifidobacteria, certain Bifidobacterium strains have been used for various nutritional and medical applications. However, a few safety issues associated with probiotics have been reported, [3] [4] [5] [6] thus demonstrating the need to investigate both the beneficial effects and the safety of probiotics with regard to human health. Safety remains one of the most important criteria for the selection and industrial application of probiotics.
In the United States, the Food and Drug Administration (FDA) has responded favorably with "no questions" to generally recognized as safe (GRAS) notifications for a number of Bifidobacterium strains. [7] [8] [9] [10] [11] [12] [13] Similarly, certain Bifidobacterium species, such as B. adolescentis, B. animalis, B. bifidum, B. breve, and B. longum, have been given a qualified presumption of safety (QPS) status in the European Union.
14 However, scientists have proposed that the safety of probiotics should be evaluated on a strain-by-strain basis because features of probiotic strains vary among strains. 15 The probiotic B. breve MCC1274 (B-3) has been used in animal studies and clinical investigations involving adults with a tendency for obesity. 16, 17 Minami et al. reported that no serious adverse events were observed in medical interviews or by measurements of blood parameters in clinical investigation. 17, 18 Although the clinical investigation reported no abnormal signs during the study, basic safety investigations using animals are important to ensure that harmful effects do not occur. Generally, single-dose oral toxicity studies in animals are conducted as an acute toxicity test, whereas 90-day repeated-dose oral toxicity studies are used as subchronic toxicity tests to evaluate the safety of food ingredients or food additives.
In the present study, B. breve MCC1274 was evaluated for safety in single-dose and 90-day repeated-dose oral toxicity assays.
Materials and methods

Bifidobacterium powder
The test substance used in this study, B. breve MCC1274 powder, supplied by the Morinaga Milk Industry Co., Ltd (Kanagawa, Japan) was sold as dietary ingredient. The pure cell was freeze-dried with cornstarch to achieve the desired concentration. The lot numbers 2009.12.24 and 2010.02.10 were used for the single-and repeated-dose toxicity studies, and they contained 1.4 Â 10 11 and 1.3 Â 10 11 viable cells per gram, respectively. For enumeration of test products, products were serially diluted, Mitsuoka's buffer and Reinforced Clostridial Medium Agar was used as the plating media. Plates were incubated at 37 C for 72 h anaerobically in an anaerobic chamber. The colonies formed in plates were counted and viable counts were calculated. The test substance was suspended in physiological saline (Japanese Pharmacopoeia, Otsuka Pharmaceutical Factory, Inc., Tokushima, Japan) immediately prior use. Physiological saline and cornstarch suspended in physiological saline (purified, dried, and sterilized cornstarch white; Matsutani Chemical Industry Co., Ltd, Hyogo, Japan) were used as the control substances in the single-and repeated-dose toxicity studies. A dose analysis was performed once for the single-dose toxicity study and twice for the repeated-dose toxicity study, and the results were confirmed to be acceptable.
Animals
Male and female Sprague-Dawley rats (Crl:CD(SD); Atsugi Breeding Center, Charles River Laboratories Japan, Inc., Kanagawa, Japan) were obtained at 5 weeks of age. The animals were quarantined and acclimated for 7 or 8 days at the test facility, and healthy animals were used in the studies at 6 weeks of age. The animals were randomly assigned to each group to ensure the homogeneity of the group mean values for body weight (BW), which was calculated using a computer. The animals were housed in an animal room maintained under the following conditions: 23 
Single-dose oral toxicity study
This study was conducted in accordance with the toxicity guideline "Revision of Guidelines for Single-Dose and Repeated-Dose Toxicity Studies" (Notification no. 88 of the Pharmaceutical Affairs Bureau, Ministry of Health and Welfare, Japan, August 10, 1993) .
Two test groups were used, a control group and a dose group, and each contained five males and five females. Rats deprived of food overnight were administered the test substance suspended in physiological saline once via oral gavage at a dose level of 6000 mg/kg corresponding to 8.4 Â 10 11 colony-forming unit (CFU)/kg, which is the maximum feasible dose level with respect to dose concentration and dose volume. The animals in the control group received physiological saline (20 mL/kg BW). The intervention dose was administered in the same volume as the control. All animals were allowed free access to food 4 h after dosing.
The animals were observed for any clinical signs, including changes in external appearance, emaciation, posture, behavior, and excretions, for 14 days after dosing (frequently on the day of administration and once a day thereafter), and their BWs were recorded on days 1, 2, 3, 7, 10, and 14. After the 14-day observation period, the animals were euthanized by exsanguination via the abdominal aorta under isoflurane anesthesia and subsequently necropsied by carefully observing the external appearance of organs/tissues in the cranial, thoracic, and abdominal cavities.
Ninety-day repeated-dose oral toxicity study
This study was conducted in accordance with the toxicity guideline "Guidelines for Designation of Food Additives and for Revision of Standards for Use of Food Additives" (Notification no. 29 of the Environmental Health Bureau, Ministry of Health and Welfare, Japan, March 22, 1996) .
Two test groups, a control group and a dose group, were used in this study, and each consisted of 10 males and 10 females. The test substance was administered once daily by oral gavage for 91 days at a dose level of 1000 mg/kg corresponding to 1.3 Â 10 11 CFU/kg. The animals in the control group received cornstarch (equivalent to 75% of the amount in the test suspension).
The animals were observed for any clinical signs, including changes in external appearance, emaciation, posture, behavior, and excretions, three times a day during the administration period prior to dosing and immediately after and between 1 h and 3 h after dosing (twice a day on Saturdays, Sundays, and holidays prior to and immediately after dosing). The BWs and food consumption were recorded every day.
Ophthalmoscopy was conducted on six animals of each sex per group during week 13 of administration. First, the mydriatic agent Mydrin P (Santen Pharmaceutical Co., Ltd, Osaka, Japan) was applied to dilate the pupil, and then the anterior portion, optic media, and fundus oculi were examined using an ophthalmoscope (Omega 200; HEINE Optotechnik GmbH & Co. KG, Germany).
Urinalysis was conducted on all animals during week 13 of administration. After dosing, the animals were individually placed in cages equipped with a urine collector, deprived of food but allowed free access to water, and then 4-h urine samples were collected. Subsequently, the animals were given free access to food and water, and then 20-h urine samples were collected. The following parameters were examined using the 4-h urine samples: pH, protein, ketones, glucose (GLU), occult blood, bilirubin, urobilinogen (AUTION Sticks-7EA test paper, AUTION MINI ™ AM-4290; ARKRAY Inc., Kyoto, Japan), urine volume, color, and urinary sediments. The following parameters were assessed using the 20-h urine samples: urine volume, osmotic pressure (Automatic Osmometer AUTO & STAT OM-6030; ARKRAY Inc.), sodium (Na), potassium (K), and chloride (Cl) (Clinical Chemistry Autoanalyzer PVA-II; A&T Corp., Kanagawa, Japan). The 24-h urine volume was calculated by totaling the 4-h and 20-h urine volumes. The daily excretion of electrolytes was calculated from the determined electrolyte concentration and the 24-h urine volume. In addition, the daily water consumption for each animal was measured at the time of urine sample collection using a water bottle.
At the time of the scheduled necropsy on the day following the end of the administration period, blood samples were collected from the abdominal aorta under isoflurane anesthesia for hematology and blood chemistry analyses. The animals were deprived of food overnight prior to blood sample collection. The following hematological parameters were determined using a Hematology Analyzer ADVIA 120 (Siemens Healthcare Diagnostics Inc., Hyogo, Japan) on the blood samples treated with EDTA-2K: red blood cell count (RBC), hemoglobin, hematocrit, mean corpuscular volume, mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration, reticulocyte percentage (Retic), platelet count, white blood cell count (WBC), and differential leukocyte count and percentage (lymphocyte, neutrophil, eosinophil, basophil, monocyte, and large unstained cell). In addition, the blood coagulation parameters prothrombin time, activated partial thromboplastin time, and fibrinogen were determined using a coagulometer ACL Elite Pro (Instrumentation Laboratory, Massachusetts, USA) on the plasma obtained by centrifuging the blood samples treated with sodium citrate. The following parameters for blood chemistry were determined using a Clinical Chemistry Autoanalyzer TBA-120FR (Toshiba Medical Systems Corporation, Tochigi, Japan) on the plasma obtained by centrifuging at 1600Âg for 10 min from the blood samples treated with heparin sodium: aspartate aminotransferase, alanine aminotransferase, lactate dehydrogenase, g-glutamyl transpeptidase, alkaline phosphatase, total cholesterol, triglyceride, phospholipid, total bilirubin, GLU, blood urea nitrogen, creatinine, Na, K, Cl, calcium, inorganic phosphorus, total protein, albumin (ALB), and the albumin/globulin ratio. In addition, protein fractionation was conducted by agarose gel electrophoresis using a QuickScan Densitometer (K.K. Helena Kenkyujyo, Saitama, Japan) to determine the percentages of albumin (ALB-E), 1 -globulin, 2 -globulin, -globulin, and g-globulin. After collecting blood samples, all animals were euthanized by exsanguination via the abdominal aorta and thoroughly necropsied, after which the following organs were weighed (absolute weight), and the organ weight per 100 g BW (relative weight) was calculated: the brain, pituitary gland, thyroid gland (with parathyroid gland), adrenal gland, thymus, spleen, heart, lung (including bronchus), salivary gland (submandibular þ sublingual gland), liver, kidney, testis, prostate, seminal vesicle, ovary, and uterus. Subsequently, the following organs/tissues were dissected and fixed with phosphate buffered 10% formalin (the eyeball and optic nerve were fixed with a mixture of 3% glutaraldehyde and 2.5% formalin, and the testis and epididymis were fixed with Bouin's solution and subsequently preserved in phosphate buffered 10% formalin), embedded in paraffin, sectioned, stained with hematoxylin and eosin, and examined microscopically: the cerebrum, cerebellum, spinal cord (thoracic), sciatic nerve, eyeball, optic nerve, Harderian gland, pituitary gland, thyroid gland, parathyroid gland, adrenal gland, thymus, spleen, cervical lymph node, mesenteric lymph node, heart, thoracic aorta, trachea, lung (with bronchus), tongue, esophagus, stomach, duodenum, jejunum, ileum (including Peyer's patch), cecum, colon, rectum, submandibular gland, sublingual gland, liver, pancreas, kidneys, urinary bladder, testis, epididymis, prostate, seminal vesicle, ovary, uterus, vagina, oviduct, mammary gland (inguinal), sternum (including bone marrow), femur (including bone marrow), femoral skeletal muscle, skin (inguinal), nasal cavity, and Zymbal gland.
Statistical analysis
For the numerical data (BW, food consumption, quantitative urinalysis parameters (including water consumption), hematology, blood chemistry, and organ weights), the homogeneity of variance was analyzed by the F test (significance level: 5% one-tailed). Homogeneous data were assessed by Student's t test, and heterogeneous data were assessed by the Aspin-Welch's t test (levels of significance: 5% and 1%, two-tailed). Analyses were performed using the integrated statistical package SAS Release 9.1.3 (SAS Institute Inc., North Carolina, USA).
Results
Acute oral toxicity study
To investigate the acute oral toxicity of B. breve MCC1274 in mammals, a single dose of 6000 mg/kg B. breve MCC1274 was administered to male and female SD rats by oral gavage, which was followed by 14 days of monitoring. Mortality did not occur among the control rats or the rats administered 6000 mg/kg B. breve MCC1274 corresponding to 8.4 Â 10 11 CFU/kg, and no treatment-related changes in clinical signs were observed, including the external appearance, emaciation, posture, behavior, excretions, and BW, among the animals of either sex during the 14-day observation period (Figure 1 ). All animals were necropsied at the end of the observation period, and none of the organs showed abnormal findings attributable to the administration of B. breve MCC1274 (Table 1) . 
Subchronic oral toxicity study
Oral administration of 1000 mg/kg B. breve MCC1274 corresponding to 1.3 Â 10 11 CFU/kg for 90 days did not cause any mortality or abnormal clinical signs in animals of either sex throughout the observation period. The average BW in the group-administered B. breve MCC1274 was comparable to that of the control group for the male and female rats, and significant differences were not observed (Figure 2 ). Food consumption in the group-administered B. breve MCC1274 was comparable to that in the control group for both male and female rats, and significant differences were not observed ( Figure 3 ). Significant differences were not observed in the ophthalmoscopy or urinalysis results (Table 2 ). In addition, significant differences were not observed between the control and test rats (both male and females) with respect to urine color, dipstick test results for pH, protein, ketone, glucose, occult blood, urobilinogen, bilirubin, and microscopic sediment analysis for RBC, WBC, squamous epithelial cells, small round epithelial cells, cast, phosphate salts, and calcium oxalate. All the values remained within the normal range throughout the study. The hematology results are presented in Table 3 . A significant decrease in the RBC (À4% of the control mean) was observed in females given 1000 mg/kg B. breve MCC1274, and it was accompanied by a significant increase in the MCH (þ3% of the control mean). The blood chemistry showed that significant differences did not occur between the control and treated groups (Table 4) . Table 5 presents the absolute and relative organ weights of the rats. Significant differences were not observed between the control and treated groups in the brain, pituitary, thyroid, salivary gland, thymus, heart, lung, liver, spleen, kidney, adrenal, testis, prostate, seminal vesicle, ovary, and uterus. The necropsy and histopathological examinations revealed none of the studied organs showed obvious changes related to the administration of B. breve MCC1274 (Tables 6 and 7) .
Discussion
Probiotic bifidobacteria and lactobacilli have been widely used for their beneficial effects, and many products containing these organisms have gained popularity worldwide. 19 However, recent studies have raised concerns about the safety of probiotics. Interestingly, only a few reports have focused on the safety issues surrounding probiotics relative to the large number of articles focused on their efficacy. Bacterial infections related to probiotic use, including bacteremia and sepsis, have been reported. [20] [21] [22] [23] Furthermore, Lactobacillus strains isolated from blood samples could not be distinguished from a probiotic strain ingested by clinical patients. 24 Therefore, the safety of probiotic strains must be investigated in detail. One aspect of this safety assessment is a toxicology evaluation. Toxicological studies are performed in many parts of the world to assess the safety of foods. To assess the safety of probiotic strains, even for probiotic species with a long history of safe consumption, detailed animal studies are warranted to confirm the lack of potential toxicity for human consumption.
Bifidobacteria primarily inhabit the large intestine from the lower part of the small intestine. 1 Ahmed et al. reported that the number of bifidobacteria in the adult intestinal mucosa was larger in the large intestine than in the terminal ileum quantitative polymerase chain reaction (PCR) analysis. 25 Generally, several Bifidobacterial species inhabit the human infant intestine, such as B. longum, B. breve, B. infantis, B. bifidum, and they are dominant bacteria of the intestinal microbiota. 26 B. breve strain M-16V has acquired GRAS notification from the FDA in the United States, [11] [12] [13] and it has also been listed with a QPS status since 2007. 27 Therefore, B. breve is generally considered safe for food use. In the present report, both single-dose and 90-day repeated-dose oral toxicity studies were conducted, and detailed observations and analyses provide an additional evidence that B. breve may be considered safe; yet additional research for this particular strain is warranted.
In the single-dose oral toxicity study, mortality and treatment-related changes in clinical signs were not observed. Therefore, the minimal oral lethal dose (LD Lo ) of B. breve MCC1274 was determined to be greater than 6000 mg/kg BW (corresponding to 8.4 Â 10 11 CFU/kg BW). Because acute toxicity studies alone are insufficient for evaluating the safety of the subject of interest, a subacute toxicity or repeated-dose study should be carried out after obtaining initial toxicity information via an acute oral toxicity study. 28 In the 90-day oral repeated-dose toxicity study, female rats administered 1000 mg/kg MCC1274 corresponding to 1.3 Â 10 11 CFU/kg showed a minimal decrease in the RBC (À4% of the control mean). However, this dosage did not have toxicological significance since histopathological changes were not observed in the femur, sternal bone marrow, hematopoietic organ, spleen, or liver, where extramedullary hematopoiesis could occur in response to anemia. In addition, the differences in RBC and MCH were within the historical control ranges. The increased MCH was also judged to have no toxicological significance since it was considered to be associated with variations in the RBC. Thus, the no-observed-adverseeffect level (NOAEL) of B. breve MCC1274 was 
